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Description 

METHODS AND DEOXYRIBONUCLEIC ACID FOR THE PREPARATION OF TISSUE FACTOR PROTEIN 

This invention relates to tissue factor protein. The invention further relates to novei forms and compositions 
thereof, and particularly to the means and methods for production of tissue factor protein to homogeneity in 

5 therapeutically significant quantities. This invention also relates to preparation of isolated deoxyribonucleic 
acid (DNA) coding for the production of tissue factor protein, to methods of obtaining DNA molecules which 
code for tissue factor protein, to the expression of human tissue factor protein utilizing such DNA, as well as to 
novei compounds, including novel nucleic acids encoding tissue factor protein or fragments thereof. This 
invention is also directed to tissue factor protein derivatives, particularly derivatives lacking the near C-terminal 

10 cytoplasmic and/or hydrophobic portion of the protein, and their production by recombinant DNA techniques. 
Bleeding is one of the most serious and significant manifestations of disease. It may occur from a local site 
or may be generalized. Primary hemostasis consists principally of two components: vasoconstriction and 
platelet plug formation. Platelet plug formation may be divided into several stages: adhesion of platelets to 
subendothelial surfaces exposed by trauma; platelet activation release reaction; platelet aggregation, which 

15 results in the sequestration of additional platelets at the site, and the binding of fibrinogen and the coagulation 
proteins to the platelet surface which results in thrombin formation; and, fusion which is the coalescence of 
fibrin and fused platelets to form a stable haemostatic plug. 

Blood coagulation performs two functions; the production of thrombin which induces platelet aggregation 
and the formation of fibrin which renders the platelet plug stable. A number of discrete proenzymes and 

20 procofactors, referred to as "coagulation factors - , participate in the coagulation process. The process 
consists of several stages and ends with fibrin formation. Fibrinogen is converted to fibrin by the action of 
thrombin. Thrombin is formed by limited proteolysis of a proenzyme, prothrombin. This proteolysis is effected 
by activated factor X (referred to as factor Xa) which binds to the surface of activated platelets and, in the 
presence of factor Va and ionic calcium, cleaves prothrombin. 

25 Activation of factor X may occur by either of two separate pathways, the extrinsic or the intrinsic (Figure 1 ) . 
The intrinsic cascade consists of a series of reactions wherein a protein precursor is cleaved to form an active 
protease. At each step, the newly formed protease will catalyze the activation of the precursor protease at the 
subsequent step of the cascade. A deficiency of any of the proteins in the pathway blocks the activation 
process at that step, thereby preventing clot formation and typically gives rise to a tendency to hemorrhage. 

30 Deficiencies of factor VIII orfactor IX, for example, cause the severe bleeding syndromes haemophilia A and B, 
respectively. In the extrinsic pathway of blood coagulation, tissue factor, also referred to as tissue 
thromboplastin, is released from damaged cells and activates factor X in the presence of factor VII and 
calcium. Although activation of factor X was originally believed to be the only reaction catalyzed by tissue 
factor and factor VII, it is now known that an amplification loop exists between factor X, factor VII, and factor IX 

35 (Osterud, B., and S.I. Rapaport, Proc. Natl. Acad. Sci. [USA] 74:5260-5264 [1977]; Zur, M. et al. Blood 52: 196 
[1978]). Each of the serine proteases in this scheme is capable of converting by proteolysis the other two into 
the activated form, thereby amplifying the signal at this stage in the coagulation process (Figure 1). It is now 
believed that the extrinsic pathway may in fact be the major physiological pathway of normal blood coagulation 
(Haemostasis 13:150-155 [1983]). Since tissue factor is not normally found in the blood, the system does not 

40 continuously clot; the trigger for coagulation would therefore be the release of tissue factor from damaged 
tissue. 

Tissue factor is believed to be an integral membrane glycoprotein which, as discussed above, can trigger 
blood coagulation via the extrinsic pathway (Bach, R. et al., J. Biol Chem. 256[16]: 8324-8331 [1981]). Tissue 
factor consists of a protein component (previously referred to as tissue factor apoprotein-lll) and a 

45 phospholipid. Osterud, B. and Rapaport, S.I., Proc.NatLAcad.Sci. 74, 5260-5264 (1977). The complex has been 
found on the membranes of monocytes and different cells of the blood vessel wall (Osterud, B., Scand. J. 
Haematol. 32: 337-345 [1984]). Tissue factor from various organs and species has been reported to have a 
relative molecular mass of 42,000 to 53,000. Human tissue thromboplastin has been described as consisting of 
a tissue factor protein inserted into a phospholipid bilayer in an optimal ratio of tissue factor 

50 protein:phosphoIipid of approximately 1 :80 (Lyberg, T. and Prydz, H., Nouv. Rev. Fr. HematoL 25(5): 291-293 
[1983]). Purification of tissue factor has been reported from various tissues such as,: human brain (Guha, A. et 
al. Proc. Natl. Acad. Sci. 83: 299-302 [1986] and Broze.G.H. et al., J.Biol.Chem. 260[20]: 10917-10920 [1985]); 
bovine brain (Bach, R. et al., J. Biol. Chem. 256: 8324-8331 [1981]); human placenta (Bom, V.J.J, et al., 
Thrombosis Res. 42:635-643 [1986]; and, Andoh, K. et a}., Thrombosis Res. 43:275-286 [1986]); ovine brain 

55 (Carlsen E. et al., Thromb. Haemostas. 48[3], 315-319 [1982]) ; and. lung (Glas, P. and Astrup, T., Am. J. Physiol. 
219, 1140-1146 [1970]). It has been shown that bovine and human tissue thromboplastin are identical in size 
and function (see Broze, G.H. et al., J. Biol. Chem. 26Q[20], 10917-10920 [1985]). It is widely accepted that 
while there are differences in structure of tissue factor protein between species there are no functional 
differences as measured by in vitro coagulation assays (Guha et al. supra). Furthermore, tissue factor isolated 

60 from various tissues of an animal, e.g. dog brain, lung, arteries and vein was similar in certain respects such as, 
extinction coefficient, content of nitrogen and phosphorous and optimum phospholipid to lipid ratio but 
differed slightly in molecular size, amino acid content, reactivity with antibody and plasma half life (Gonmori, H. 
and Takeda, Y M J. Physiol. 229[3], 618-626 [1975]). All of the tissue factors from the various dog organs 
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showed clotting activity in the presence of lipid. Id. It is widely accepted that in order to demonstrate biological 
activity, tissue factor must be associated with phospholipids in vitro (Pitlick, FA, and Nemerson, Y., 
Biochemistry 9: 5105-511 1 [1970] and Bach.R. et ai. supra, at 8324). It has been shown that the removal of the 
phospholipid component of tissue factor, for example by use of a phosphollpase, results in a loss of its 
biological activity in vitro (Nemerson, Y„ J.C.i. 47: 72-80 [1968]). Rellpidatton can restore In vitro tissue factor s 
activity (Pitlick, F.A. and Nemerson, Y., supra and Freyssinet, J.M. et ai., Thrombosis and Haemostasis 55: 
112-118 [1986]). Amino terminal sequences of tissue factor (Bach, R. et ah, Am. Heart Assoc. [Nov., 1986], 
Morrissey, J.H. et aJ., Am. Heart Assoc. [Nov., 1986]) and a CNBr peptide fragment (Bach, R. et a}, supra) have 
been determined. 

Infusion of tissue factor has long been believed to compromise normal haemostasis. In 1834 the French 10 
physiologist de Biainville first established that tissue factor contributed directly to biood coagulation (de 
Blainviile, H. Gazette Medlcale Paris, Series 2 f 524 [1834]). de Biainville also observed that Intravenous infusion 
of a brain tissue suspension caused immediate death which he observed was correlated with a 
hypercoagulative state giving rise to extensively disseminated blood clots found on autopsy. It is now well 
accepted that intravenous Infusion of tissue thromboplastin induces intravascular coagulation and may cause 75 
death in various animals (Dogs: Lewis, J. and Szeto I.F., J. Lab. Clin. Med 60: 261-273 [1962]; rabbits: Fedder, 
G. et al., Thromb. Diath. Haemorrh. 27: 365-376 [1972]; rats: Giercksky, K.E. et al„ Scand. J. Haematol. 17: 
305-311 [1976]; and, sheep: Carisen.E. et ai., Thromb. Haemostas.48: 315-319 [1982]). 

Although the isolation of tissue factor has been described in the literature as shown above, the precise 
structure of tissue factor protein has not been previously established. While some quantities of "purified' 20 
tissue factor protein have been available as obtained from various tissues, the low concentration of tissue 
factor protein in blood and tissues and the high cost, both economic and of effort, of purifying the protein from 
tissues makes this a scarce material. It is an object of the present invention to isolate DNA encoding tissue 
factor protein and to produce useful quantities of human tissue factor protein using recombinant techniques. It 
is a further object to prepare novel forms of tissue factor protein. This and other objects of this Invention will be 25 
apparent from the specification as a whole. 

Objects of this invention can be accomplished by a method comprising: identifying and cloning the cDNA 
which codes for human tissue factor protein ; Incorporating that cDNA Into a recombinant DNA vector; 
transforming a suitable host with the vector including that DNA; expressing the human tissue factor protein 
DNA in such a host; and recovering the human tissue factor protein that is produced. Similarly, the present • 30 
invention makes it possible to produce human tissue factor protein and/or derivatives thereof by recombinant 
techniques, as well as to provide products and methods related to such human tissue factor protein 
production. The isolation and identification and sequencing of the tissue factor protein DNA was problematic. 
The mRNA was relatively rare and heretofore no complete amino acid sequence for tissue factor protein was 
known. 35 

The present invention is directed to the compositions and methods of producing human tissue factor 
protein via recombinant DNA technology, Including: 1) the Isolation and identification of the entire DNA 
sequence of the protein and the 5' and 3'-flanking region thereof; 2) the construction of cloning and 
expression vehicles comprising said DNA sequence, enabling the expression of the human tissue factor 
protein, as well as methionine, fusion or signal N-terminus conjugates thereof; and 3) viable ceil cultures, 40 
genetically altered by virtue of their containing such vehicles and capable of producing human tissue factor 
protein. This invention is further directed to DNA compositions and methods of producing DNA which codes 
for cellular production of human tissue factor protein. Yet another aspect of this Invention are new 
compounds, including DNA sequences which are utilized in obtaining clones which encode tissue factor 
protein. Still another aspect of the present invention is tissue factor protein essentially free of all naturally 45 
occurring substances with which it is typically found in blood and/or tissues, i.e., the tissue factor protein 
produced by recombinant means will be free of those contaminants with which it is typically associated when 
isolated from its in vivo physiological milieu. One noteworthy potential contaminant Is the causative agent for 
acquired immune deficiency syndrome (AIDS), which is being found in the circulation of ever increasing 
numbers of individuals. Depending upon the method of production, the tissue factor protein hereof may 50 
contain associated glycosylation to a greater or lesser extent compared with material obtained from Its In vivo 
physiological milieu, i.e. blood and/or tissue. This invention is further directed to novel tissue factor protein 
derivatives, in particular derivatives lacking the signal sequence and the hydrophobic portion of the protein 
near the C-terminal end of the protein comprising the amino acid sequence which constitutes the tissue factor 
protein transmembrane or membrane binding domain. 55 

The utility of the human tissue factor protein and derivatives thereof of this invention is based In part on the 
novel and unexpected observation that infusion into hemophilic dogs of tissue factor protein, that Is the 
protein portion of tissue factor lacking the naturally occurring phospholipid, which was previously referred to 
as tissue factor apoprotein 111 and previously believed to be inactive, corrected the haemostatic deficiency. 
Tissue factor protein was for the first time found to correct the bleeding diathesis, I.e. a tendency toward 60 
hemorrhage, associated with factor VIII deficiency In vivo . Infusion of tissue factor protein would be expected 
to be ineffective in light of the prior art papers which describe tissue factor as having an absolute requirement 
for phospholipid. In contrast to the work of de Biainville and subsequent researchers over the next one 
hundred and fifty-two (152) years, tissue factor protein was also found to be nontoxic to the dogs when Infused 
intravenously. 655 
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The human tissue factor protein and derivatives thereof of this invention are useful in the treatment of 
various chronic bleeding disorders, characterized by a tendency toward hemorrhage, both inherited and 
acquired. Examples of such chronic bleeding disorders are deficiencies of factors VIII, IX, or XI. Examples of 
acquired disorders include: acquired inhibitors to blood coagulation factors e.g. factor VIII, von Willebrand 

5 factor, factors IX, V, XI, XII and XIII; haemostatic disorder as a consequence of liver disease which includes 
decreased synthesis of coagulation factors and DIC; bleeding tendency associated with acute and chronic 
renal disease which includes coagulation factor deficiencies and DIC; haemostasis after trauma or surgery; 
patients with disseminated malignancy which manifests in DIC with increases in factors VIII, von Willebrand 
factor and fibrinogen; and haemostasis during cardiopulmonary surgery and massive blood transfusion. The 

10 human tissue factor protein and derivatives thereof of this invention may also be used to induce coagulation 
for acute bleeding problems in normal patients and in those with chronic bleeding disorders. Other uses for 
tissue factor protein will be apparent to those skilled in the art. 

Brief Description of the Drawings 
15 Fig. 1 Diagram showing activation of blood coagulation via intrinsic pathway. 

Fig. 2 Nucleotide and amino acid sequence of human tissue factor protein. The nucleotide sequence of 
the human tissue factor protein was determined from DNA sequence analysis of one adipose clone and in 
part confirmed by sequencing other clones. Predicted amino acids of the tissue factor protein are shown 
below the DNA sequence and are numbered from the first residue of the N-terminal of the protein 
20 sequence. Negative amino acid numbers refer to the presumed leader signal sequence or preprotein, 

while positive numbers refer to the mature protein. 

Figs. 3a-3c (Collectively referred to herein as Fig. 3). The human tissue factor protein cDNA and 
restriction enzyme sites. 

Fig. 4 Construction of an expression vector pCISTF encoding full length tissue factor protein for use in 
25 mammaJian host ceils. 

Fig. 4a Illustrates part of the construction of pCIS2.8c series vectors used herein. 
Fig.5 Hydropathy profile of tissue factor. The translated DNA sequence of human tissue factor was 
' plotted using the algorithm of Kyte and Doolittle, J. Mol. Biol., 157: 105 (1982). The abscissa shows the 
amino acid sequence beginning at the mature amino terminus. Positive points in the ordinate denote 
30 hydrophobic regions of the protein; each point represents the average hydropathy of 6 successive amino 

acids. At the bottom, N marks the location of predicted asparagine-linked giycosylation sites and 0 marks 
the cluster of serine and threonine residues at amino acids 160-172. The predicted hydrophobic 
membrane spanning domain encompasses residues 220-243 and is indicated by a filled bar. • 
Fig. 6 Construction of an expression vector pTF 2A12 encoding full length tissue factor protein. 
35 Figs. 7a-c Figs. 7a-c are collectively referred to herein as Fig. 7. Construction of tissue factor protein 

mutant having a serine substituted for a cysteine at position 245. 

Figs.8a-b Figs. 8a-8b are collectively referred to herein as Figure 8. Construction of an expression 
vector for human tissue factor fusion protein. 

Fig. 9 Chromogenic assay results of transient expression of tissue factor protein in Cos cells. 
40 Fig. 10 Construction of an expression vector for cytoplasmic domain deleted tissue factor protein. 

Detailed Description 

As used herein, "tissue factor protein" refers to a protein capable of correcting various bleeding disorders 
e.g. by inducing coagulation, particularly those disorders associated with deficiencies in coagulation factors. 

45 Tissue factor protein is distinct from tissue factor or tissue thromboplastin of the prior art in that it lacks the 
naturally occurring lipid portion of the molecule. Tissue factor protein also includes tissue factor protein 
associated with phospholipid which lipid is distinct from the naturally occurring lipid associated with tissue 
thromboplastin and displays coagulation-inducing capability without the concomitant toxicity observed with 
the lipidated protein. Infusion of tissue factor protein, as defined herein, does not result in disseminated 

50 intravascular coagulation. The capacity of tissue factor protein to correct various bleeding disorders is readily 
determined using various in vivo bleeding models e.g. initiation of coagulation in hemophilic dogs using cuticle 
bleeding time (CBT) determination (Giles, A.R. et al.. Blood 60: 727-730 [1982]). 

The amino acid sequence of figure 2 is that of pre-tissue factor protein. Pre-tissue factor protein can be 
expressed, for example, in prokaryotes, which do not process and secrete mature protein, by transforming 

55 with an expression vector comprising DNA encoding pre-tissue factor protein. It is preferable to transform 
host cells capable of accomplishing such processing so as to obtain mature tissue factor protein in the culture 
medium or periplasm of the host cell. Typically, higher eukaryotic host cells such as mammalian cells are 
capable of processing pre-tissue factor protein and secreting mature tissue factor protein upon 
transformation with DNA encoding pre-tissue factor protein. 

60 Alternatively, secreted mature tissue factor protein can be obtained by ligating the 5' end of the DNA 
encoding mature tissue factor protein to the 3' end of DNA encoding a signal sequence recognized by the host 
cell. An expression vector comprising the ligated DNA sequences is used to transform host cells. The host cell 
will process the expressed fusion by proteolytically cleaving the peptide bond between the signal sequence 
and the first amino acid of tissue factor protein and secreting the mature tissue factor protein into the host cell 

65 periplasm or into the medium, depending upon the host cell in question. For example, in constructing a 
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prokaryotic expression vector the human tissue factor protein secretory leader, i.e. amino acids -32 to -1 , is 
replaced by the bacterial aikaiine phosphatase or heat stable enterotoxin II leaders, and for yeast the tissue 
factor protein leader is replaced by the yeast invertase, alpha factor or acid phosphatase leaders. Gram 
negative organisms transformed with a homologous signal-tissue factor protein fusion will secrete mature 
tissue factor protein into the cell periplasm, whereas yeast or bacillus sjp. will secrete mature tissue factor 5 
protein into the culture medium. 

Included within the scope of the present invention are tissue factor protein having native glycosyiation and 
the amino acid sequence as set forth in Figure 2, analogous tissue factor proteins from other animal species 
such as bovine, porcine, ovine and the like, deglycosyiated or unglycosytated derivatives of such tissue factor 
proteins, and biologically active amino acid sequence variants of tissue factor protein, including alleles, and in 10 
yttro-generated covalent derivatives of tissue factor proteins that demonstrate tissue factor protein activity. 

Amino acid sequence variants of tissue factor protein fall Into one or more of three classes: substitutional, 
insertional or deletional variants. Insertions include amino and/or carboxyl terminal fusions as well as 
intrasequence insertions of single or multiple amino acid residues. Tissue factor fusion proteins include, for 
example, hybrids of mature tissue factor protein with polypeptides that are homologous with tissue factor is 
protein, for example, in the case of human tissue factor protein, secretory leaders from other secreted human 
proteins. Tissue factor fusion proteins also include hybrids of tissue factor protein with polypeptides 
homologous to the host cell but not to tissue factor protein, as well as, polypeptides heterologous to both the 
host cell and the tissue factor protein. An example of such tissue factor fusion protein is the herpes gD-signal 
sequence with the mature tissue factor protein. Preferred fusions within the scope of this invention are amino 20 
terminal fusions with either prokaryotic peptides or signal peptides of prokaryotic, yeast, viral or host cell 
signal sequences. It is not essential that the signal sequence be devoid of any residual mature sequence from 
the protein whose secretion it ordinarily directs but this is preferable in order to avoid the secretion of a tissue 
factor protein fusion. 

Insertions can also be introduced within the mature coding sequence of tissue factor protein. These, 25 
however, ordinarily will be smaller insertions than those of amino or carboxyl terminal fusions, on the order of 1 
to 4 residues. A representative example is [Argi35Argi3e— ►Argi3sProArgi37] tissue factor protein, a variant 
selected for its resistance to trypsin hydrolysis at the Argi3s residue. Unless otherwise stated, the specific 
tissue factor protein variations described herein are variations in the mature tissue factor protein sequence; 
they are not pre-tissue factor protein variants. 30 

Insertional amino acid sequence variants of tissue factor proteins are those in which one or more amino acid 
residues are introduced into a predetermined site in the target tissue factor protein. Most commonly, 
insertional variants are fusions of heterologous proteins or polypeptides to the amino or carboxyl terminus of 
tissue factor protein. Immunogenic tissue factor protein derivatives are made by fusing a polypeptide 
sufficiently large to confer immunogenicity to the target sequence by crosslinkfng in vitro or by recombinant 36 
ceil culture transformed with DNA encoding the fusion. Such immunogenic polypeptides can be bacterial 
polypeptides such as trpLE, beta-galactosidase and the like. 

Deletion variants are characterized by the removal of one or more amino acid residues from the tissue factor 
protein sequence. Typically, no more than about from 2 to 6 residues are deleted at any one site within the 
tissue factor protein molecule, although deletion of residues -31 to -1 inclusive will be undertaken to obtain 40 
met-tissue factor protein, a variant adapted for Intracellular direct expression of met-mature tissue factor 
protein. Another deletion variant is of the transmembrane domain located at about residues 220 to 242 of the 
tissue factor protein molecule. 

These variants ordinarily are prepared by site specific mutagenesis of nucleotides In the DNA encoding the 
tissue factor protein, thereby producing DNA encoding the variant, and thereafter expressing the DNA In 45 
recombinant ceil culture. However, variant tissue factor protein fragments having up to about 100-150 residues 
may be conveniently prepared by in vitro synthesis. The variants typically exhibit the same qualitative biological 
activity as the naturally-occurring analogue, although variants also are selected in order to modify the 
characteristics of tissue factor protein as will be more fully described below. 

While the site for introducing an amino acid sequence variation is predetermined, the mutation per se need 50 
not be predetermined. For example, in order to optimize the performance of a mutation at a given site, 
random mutagenesis may be conducted at the target codon or region and the expressed tissue factor protein 
variants screened for the optimal combination of desired activity. Techniques for making substitution 
mutations at predetermined sites in DNA having a known sequence are well known, for example M13 primer 
mutagenesis. 55 

Amino acid substitutions are typically of single residues; insertions usually will be in the order of about 
from 1 to 10 amino acid residues; and deletions will range about from 1 to 30 residues. Deletions or insertions 
preferably are made in adjacent pairs, i.e. a deletion of 2 residues or insertion of 2 residues. Substitutions, 
deletions, insertions or any combination thereof may be combined to arrive at a final construct. Obviously, the 
mutations that will be made in the DNA encoding the variant tissue factor protein must not place the sequence 60 
out of reading frame and preferably will not create complementary regions that could produce secondary 
mRNA structure {BP 75.444A). 

Substitutional variants are those in which at least one residue in the Fig. 2 sequence has been removed and 
a different residue inserted in its place. Such substitutions generally are made in accordance with the following 
Table 1 when it is desired to finely modulate the characteristics of tissue factor protein. 65 
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TABLE 1 

PriffiTial Residue Exemplary Substitmrions 
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40 Substantial changes in function or immunological identity are made by selecting substitutions that are less 
conservative than those In Table 1, i.e., selecting residues that differ more significantly in their effect on 
maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or hydrophobicity of the molecule at the target site or (c) the bulk 
of the side chain. The substitutions which in general are expected to produce the greatest changes in tissue 

45 factor protein properties will be those in which (a) a hydrophiiic residue, e.g. seryl or threonyl, is substituted for 
(or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyi, valyl or alanyi; (b) a cysteine or proline is 
substituted for (or by) any other residue; (c) a residue having an electropositive side chain, e.g., lysyl, arginyl, 
or histidyl, is substituted for (or by) an electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue 
having a bulky side chain, e.g., phenylalanine, is substituted for (or by) one not having a side chain, e.g., 

50 glycine. 

A major class of substitutional or deletional variants are those involving the transmembrane, i.e. 
hydrophobic or lipophilic, region of tissue factor protein. The transmembrane region of tissue factor protein is 
located at about residues 220 to 242 of the protein encoded by the DNA from human adipose tissues. This 
region is a highly hydrophobic or lipophilic domain that is the proper size to span the lipid bilayer of the cellular 

55 membrane. It is believed to anchor tissue factor protein in the ceil membrane. 

Deletion or substitution of the transmembrane domains will facilitate recovery and provide a soluble form of 
recombinant tissue factor protein by reducing its cellular or membrane lipid affinity and improving its water 
solubility so that detergents will not be required to maintain tissue factor protein in aqueous solution. 
Preferably, the transmembrane domain is deleted, rather than substituted in order to avoid the introduction of 

qo potentially immunogenic epitopes. One advantage of the transmembrane deleted tissue factor protein is that it 
is more easily secreted into the culture medium. This variant is water soluble and does not have an appreciable 
affinity for cell membrane lipids, thus considerably simplifying its recovery from recombinant cell culture. 

Substitutional or deletional mutagenesis can be employed to eliminate N- or O-iinked glycosylation sites 
(e.g. by deletion or substitution of asparaginyl residues in Asn-X-Thr glycosylation sites), improve expression 

55 of tissue factor protein or alter the half life of the protein. Alternatively, unglycosylated tissue factor protein can 



6 




0 278 776 

be produced in recombinant prokaryotic cell culture. Deletions or substitutions of cysteine or other labfte 
residues also may be desirable, for example in Increasing the oxidative stability or selecting the preferred ( 
disulfide bond arrangement of the tissue factor protein. One such example of a cysteine substitution Is the 
substitution of a serine for the cysteine at position 245. Deletions or substitutions of potential proteolysis sites, 
e.g. Arg Arg, is accomplished for example by deleting one of the basic residues or substituting one by 5 
glutaminyl or histidyl residues. 

A DNA isolate is understood to mean chemically synthesized DNA, cDNA or genomic DNA with or without 
the 3' and/or 5' flanking regions. DNA encoding tissue factor protein is obtained from other sources than 
human by a) obtaining a cDNA library from the placenta, adipose or other tissues containing tissue factor 
protein mRNA, such as brain, of the particular animal, b) conducting hybridization analysis with labelled DNA 10 
encoding human tissue factor protein or fragments thereof (usually, greater than 100bp) in order to detect 
clones in the cDNA library containing homologous sequences, and c) analyzing the clones by restriction 
enzyme analysis and nucleic acid sequencing to identify full-length clones. If fuli length clones Are not present 
in the library, then appropriate fragments may be recovered from the various clones using nucleic acid 
sequence disclosed for the first time in the present invention and ligated at restriction sites common to the 15 
clones to assemble a fulMength clone encoding tissue factor protein. 

Tissue factor protein derivatives that are not coagulation-Inducing which fall within the scope of this 
invention include polypeptides that may or may not be substantially homologous with tissue factor protein. 
These tissue factor protein derivatives are produced by the recombinant or organic synthetic preparation of 
tissue factor protein fragments or by introducing amino acid sequence variations into intact tissue factor 20 
protein so that it no longer demonstrates coagulation-inducing activity as defined above. 

Tissue factor protein derivatives that are not coagulation-inducing as described above are useful as 
immunogens for raising antibodies to coabulation-inducing tissue factor protein. Such tissue factor protein 
derivatives, referred to as "tissue factor protein antagonists" may be used to neutralize tissue factor protein 
coagulation-inducing activity. Such a tissue factor protein antagonist may bind to factor VII or Vila or inhibit the 25 
proteolysis of factors IX or X when in complex with factor VII or Vila. Tissue factor protein antagonists are 
useful in the therapy of various coagulation disorders e.g. disseminated intravascular coagulation (DIC) 
occurring during severe infections and septicemias, after surgery or trauma, instead of or In combination with 
other anticoagulants such as heparin. 

Covalent modifications of the tissue factor protein molecule are included within the scope of the invention. 30 
Such modifications are made by reacting targeted amino acid residues of the recovered protein with an 
organic derivatizing agent that is capable of reacting with selected side chains or terminal residues. 
Alternately, post-translational modification in selected recombinant host cells may be used to modify the 
protein. The resulting covalent derivatives are useful as immunogens or to identify residues Important for 
biological activity as well as for altering pharmacological characteristics of the molecule, such as half fife, 35 
binding affinity and the like, as would be known to the ordinarily skilled artisan. 

Certain post-translational derivatizations are the result of the action of recombinant host cells on the 
expressed polypeptide. Glutaminyl and asparaginyl residues are frequently post-translatlonaily deamidated to 
the corresponding glutamyl and aspartyl residues. Alternatively, these residues are deamidated under mildly 
acidic conditions. Either form of these residues falls within the scope of this invention. 40 

Other post-transiationaJ modifications include hydroxylation of proline and lysine, phosphorylation of 
hydroxyl groups of seryl or threonyl residues, methylation of the a-amino groups of lysine, arginlne, and 
histidine side chains (T.E. Creighton, Proteins: Structure and Molecular Properties , W.H. Freeman & Co., San 
Francisco pp 79-86 [1983]), acetylation of the N-terminal amine and, in some instances, amidation of the 
C-terminal carboxyl. 45 

"Essentially free from" or "essentially pure" when used to describe the state of tissue factor protein 
produced by the invention means free of protein or other materials normally associated with tissue factor 
protein In its in vivo physiological milieu as for example when tissue factor protein Is obtained from blood 
and/or tissues by extraction and purification. Other materials include Infectious organisms such as, for 
example, the causative agent of acquired deficiency syndrome (AIDS). Tissue factor protein produced by the 50 
method of the instant invention is greater than or equal to 95o/o purity. 

In general, prokaryotes are used for cloning of DNA sequences in constructing the vectors useful In the 
invention. For example, E. coli K12 strain 294 (ATCC No. 31446) is particularly useful. Other microbial strains 
which may be used include E. coli B and E. coli X1776 (ATCC No. 31537). These examples are illustrative rather 
than limiting. 55 

Prokaryotes also can be used for expression. The aforementioned strains, as weH as E. coli W31 10 (F , X~ , 
prototrophic, ATTC No. 27325), bacilli such as Bacillus subtilus , and other enterobacteriaceae such as 
Salmonella typhimurium or Serratia marcescans , and various pseudomonas species can be used. 

in general, plasmid vectors containing promoters and control sequences which are derived from species 
compatible with the host cell are used with these hosts. The vector ordinarily carries a replication site as well 60 
as one or more marker sequences which are capable of providing phenotypic selection in transformed cells. 
For example, E. coli is typically transformed using a derivative of pBR322 which Is a plasmid derived from an E. 
coli species (Bolivar, et al., Gene 2: 95 [1977]). pBR322 contains genes for amplcillln and tetracycline 
resistance and thus provides easy means for Identifying transformed cells. The pBR322 plasmid, or other 
microbial plasmid must also contain or be modified to contain promoters and other control elements 65 
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commonly used in recombinant DNA construction. 

Promoters suitable for use with prokaryotic hosts illustratively include the p-lactamase and lactose 
promoter systems (Chang et al.. "Nature", 275: 615 [1978]; and Goedde! et aJ., "Nature' 281 : 544 [1979]), 
alkaline phosphatase, the tryptophan (trp) promoter system (Goeddel "Nucleic Acids Res." 8: 4057 [1980] and 

5 EPO Appln. Publ. No. 36,776) and hybrid promoters such as the tac promoter (H. de Boer et aJ., "Proc. Natl. 
Acad. Sci. USA" 80: 21-25 [1983]). However, other functional bacterial promoters are suitable. Their nucleotide 
sequences are generally known, thereby enabling a skilled worker operably to ligate them to DNA encoding 
tissue factor protein using linkers or adaptors to supply any required restriction sites (Siebenlist et a}., "Cell" 
20: 269 [1980]). Promoters for use in bacterial systems also will contain a Shine-Dalgarno (S.D.) sequence 

10 operably linked to the DNA encoding tissue factor protein. 

In addition to prokaryotes, eukaryotic microbes such as yeast cultures may also be used. Saccharomyces 
cerevisiae , or common baker's yeast is the most commonly used eukaryotic microorganism, although a 
number of other strains are commonly available. For expression in Saccharomyces, the plasmid YRp7 t for 
example, (Stinchcomb, et al., Nature 282: 39 [1979]; Kingsman et al, Gene 7: 141 [1979]; Tschemper et al., 

15 Gene 10: 157 [1 980]) is commonly used. This plasmid already contains the trpl gene which provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for example ATCC no. 44076 or 
PEP4-1 (Jones, Genetics 85: 12 [1977]). The presence of the trpl lesion as a characteristic of the yeast host 
ceil genome then provides an effective means of selection by growth in the absence of tryptophan. 
Suitable promoting sequences for use with yeast hosts include the promoters or 3-phosphoglycerate 

2D kinase (Hitzeman et al., "J. Biol. Chem." 255: 2073 [1980]) or other glycolytic enzymes (Hess et al., "J. Adv. 
Enzyme Reg." 7: 149 [1968]; and Holland, "Biochemistry" 17: 4900 [1978]), such as enolase, glyceraldehyde- 
3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phos- 
phate isomerase, 3-phosphogrycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose 
isomerase, and glucokinase. 

25 Other yeast promoters which are inducible promoters having the additional advantage of transcription 
controlled by growth conditions, are the promoter regions for aicohol dehydrogenase 2, isocytochrome C, 
acid phosphatase, degradative enzymes associated iwht nitrogen metabolism, metailothionein, glyceralde- 
hyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable 
vectors and promoters for use in yeast expression are further described in R. Hitzeman et al., European Patent 

30 Publication No. 73,657A. Yeast enhancers also are advantageously used with yeast promoters. 

Preferred promoters controlling transcription from vectors in mammalian host cells may be obtained from 
various sources, for example, the genomes of viruses such as: polyoma, Simian Virus 40 (SV40), adenovirus, 
retroviruses, hepatitis-B virus and most preferably cytomegalovirus, or from heterologous mammalian 
promoters, e.g. beta actin promoter. The early and late promoters of the SV40 virus are conveniently obtained 

35 as an SV40 restriction fragment which also contains the SV40 viral origin of replication. Fiers et al., Nature, 273 : 
113 (1978). The immediate early promoter of the human cytomegalovirus is conveniently obtained as a Hindlil E 
restriction fragment. Greenaway, P.J. et af., Gene 18: 355-360 (1982). Of course, promoters from the host cell 
or related species also are useful herein. 
Transcription of a DNA encoding tissue factor protein by higher eukaryotes is increased by inserting an 

40 enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually from about 10 to 
300bp, that act on a promoter to increase its transcription initiation capability. Enhancers are relatively 
orientation and position independent having been found 5' (Laimins, L. et al., Proc.Natl.Acad. Sci. 78: 993 
[1981]) and 3' (Lusky, M.L., etaJ., Mol. Cell Bio. 3: 1108 [1983]) to the transcription unit, within an intron 
(Banerji, J.L. et ah, Cell 33: 729 [1983]) as well as within the coding sequence itself (Osborne, T.F., et aJ., Mol. 

45 Cell Bio. 4: 1293 [1984]). Many enhancer sequences are now known from mammalian genes (giobin, elastase, 
albumin, a-fetoprotein and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. 
Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270), the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and 
adenovirus enhancers. 

50 Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human or nucleated 
cells) may also contain sequences necessary for the termination of transcription which may affect mRNA 
expression. These regions are transcribed as pofyadenylated segments in the untranslated portion of the 
mRNA encoding tissue factor protein. The 3' untranslated regions also include transcription termination sites. 
Expression vectors may contain a selection gene, also termed a selectable marker. Examples of suitable 

55 selectable markers for mammalian cells are dihydrofolate reductase (DHFR), thymidine kinase or neomycin. 
When such selectable markers are successfully transferred into a mammalian host cell, the transformed 
mammalian host cell can survive rf placed under selective pressure. There are two widely used distinct 
categories of selective regimes. The first category is based on a cell's metabolism and the use of a mutant cell 
line which lacks the ability to grow independent of a supplemented media. Two examples are: CHO DHFR- 

60 cells and mouse LTK~ cells. These cells lack the ability to grow without the addition of such nutrients as 
thymidine or hypoxanthine. Because these cells lack certain genes necessary for a complete nucleotide 
synthesis pathway, they cannot survive unless the missing nucleotides are provided in a supplemented media. 
An alternative to supplementing the media is to introduce an intact DHFR or TK gene Into cells lacking the 
respective genes, thus altering their growth requirements. Individual cells which were not transformed with the 

65 DHFR or TK gene will not be capable of survival in non supplemented media. 
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The second category is dominant selection which refers to a selection scheme used In any cell type and 
does not require the use of a mutant cell line. These schemes typically use a drug to arrest growth of a host 
cell. Those ceils which have a novel gene would express a protein conveying drug resistance and would 
survive the selection. Examples of such dominant selection use the drugs neomycin, Southern P. and Berg, P., 
J. Molec. Appl. Genet. 1 : 327 (1982), mycophenolic acid, Mulligan, R.C. and Berg, P. Science 2)9: 1422 (1980) 5 
or hygromycin, Sugden, B. et ah, Mol. Cell. Biol. 5: 410-413 (1985). The three examples given above employ 
bacterial genes under eukaryotic control to convey resistance to the appropriate drug Q418 or neomycin 
(geneticin), xgpt (mycophenolic acid) or hygromycin, respectively. 

"Amplification" refers to the increase or replication of an isolated region within a cell's chromosomal DNA. 
Amplification is achieved using a selection agent e.g. methotrexate (MTX) which inactivates DHFR. 10 
Amplification or the making of successive copies of the DHFR gene results in greater amounts of DHFR being 
produced in the face of greater amounts of MTX. Amplification pressure is applied notwithstanding the 
presence of endogenous DHFR, by adding ever greater amounts of MTX to the media. Amplification of a 
desired gene can be achieved by cotransfectlng a mammalian host ceil with a plasmid having a DNA encoding 
a desired protein and the HDFR or amplification gene permitting cointeg ration. One ensures that the cell 15 
requires more DHFR, which requirement is met by replication of the selection gene, by selecting only for cells 
that can grow in the presence of ever-greater MTX concentration. So long as the gene encoding a desired 
heterologous protein has cointegrated with the selection gene replication of this gene gives rise to replication 
of the gene encoding the desired protein. The result is that increased copies of the gene, i.e. an amplified 
gene, encoding the desired heterologous protein express more of the desired heterologous protein. 20 

Preferred suitable host cells for expressing the vectors of this invention encoding tissue factor protein in 
higher eukaryotes include: monkey kidney CV1 tine transformed by SV40 (COS-7, ATCC CRL 1651); human 
embryonic kidney line (293, Graham, F.L et aL J. Gen Virol. 36: 59 [1977]); baby hamster kidney cells (BHK, 
ATCC CCL 10); Chinese hamster ovary-celis-DHFR (CHO, Uriaub and Chasin, Proc.Natl.Acad.Sci. (USA) 77: 
4216, [1980]); mouse Sertoli cells (TM4, Mather, J.P., Biol. Reprod. 23: 243-251 [1980]); monkey kidney cells 25 
(CV1 ATCC CCL 70); african green monkey kidney celis (VERO-76, ATCC CRL-1587); human cervical 
carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC CCL 34) buffalo rat liver cells (BRL 
3A, ATCC CRL 1442); human lung celis (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse 
mammary tumor (MMT 060562, ATCC CCL51); and, TRI cells (Mather, J.P. et al., Annals N.Y. Acad. Scl. 383 : 
44-68 [1982]). 30 

"Transformation" means introducing DNA into an organism so that the DNA Is replicable, either as an 
extrachromosomal element or by chromosomal integration. Unless Indicated otherwise, the method used 
herein for transformation of the host cells is the method of Graham, F. and van der Eb, A., virology 52: 456-457 
(1973). However, other methods for introducing DNA into cells such as by nuclear Injection or by protoplast 
fusion may also be used. If prokaryotic cells or cells which contain substantial cell wall constructions are used, 35 
the preferred method of transfection is calcium treatment using calcium chloride as described by Cohen, F.N. 
et al., Proc. Natl. Acad. Sci. (USA), 69: 2110 (1972). 

Construction of suitable vectors containing the desired coding and control sequences employ standard 
ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and rellgated in the form 
desired to form the plasmids required. 40 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are used to 
transform E. coli K12 strain 294 (ATCC 31446) and successful transformants selected by ampicillln or 
tetracycline resistance where appropriate. Plasmids from the transformants are prepared, analyzed by 
restriction and/or sequenced by the method of Messing et al., Nucleic Acids Res. 9: 309 (1981) or by the 
method of Maxam et al., Methods in Enzymology 65: 499 (1980). 45 

Host cells can be transformed with the expression vectors of this invention and cultured In conventional 
nutrient media modified as is appropriate for inducing promoters, selecting transformants or amplifying genes. 
The culture conditions, such as temperature, pH and the iike, are those previously used with the host cell 
selected for expression, and will be apparent to the ordinarily skilled artisan. 

"Transfection" refers to the taking up of an expression vector by a host cell whether or not any coding 50 
sequences are in fact expressed. Numerous methods of transfection are known to the ordinarily skilled 
artisan, for example, CaP04 and electroporation. Successful transfection is generally recognized when any 
indication of the operation of this vector occurs within the host cell. 

In order to facilitate understanding of the following examples certain frequently occurring methods and/or 
terms will be described. 55 

"Plasmids" are designated by a lower case p preceded and/or followed by capital letters and/or numbers. 
The starting plasmids herein are either commercially available, publicly available on an unrestricted basis, or 
can be constructed from available plasmids in accord with published procedures. In addition, equivalent 
plasmids to those described are known In the art and will be apparent to the ordinarily skilled artisan. 

"Digestion" of DNA refers to catalytic cleavage of the DNA with a restriction enzyme that acts only at certain 60 
sequences in the DNA. The various restriction enzymes used herein are commercially available and their 
reaction conditions, cofactors and other requirements were used as would be known to the ordinarily skilled 
artisan. For analytical purposes, typically 1 \ig of plasmid or DNA fragment is used with about 2 units of enzyme 
in about 20 uJ of buffer solution. For the purpose of isolating DNA fragments for plasmid construction, 
typically 5 to 50 u.g of DNA are digested with 20 to 250 units of enzyme in a larger volume. Appropriate buffers 65 
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and substrate amounts for particular restriction enzymes are specified by the manufacturer. Incubation times 
of about 1 hour at 37° C are ordinarily used, but may vary in accordance with the supplier's instructions. After 
digestion the reaction is electrophoresed directly on a polyacrylamide gel to isolate the desired fragment. 
•Recovery" or "isolation" of a given fragment of DNA from a restriction digest means separation of the 
5 digest on polyacrylamide or agarose gel by electrophoresis, identification of the fragment of interest by 
comparison of its mobility versus that of marker DNA fragments of known molecular weight removal of the gel 
section Containing the desired fragment, and separation of the gel from DNA. This procedure is known 
generally (Lawn, R. et aL. Nucleic Acids Res. 9: 6103-61 14 [1981], and Goeddel, D. et al.. Nucleic acids Res. 8: 
4057 [1980]). 

10 •Dephosphoryiation" refers to the removal of the terminal 5' phosphates by treatment with bacteria! alkaline 
phosphatase (BAP). This procedure prevents the two restriction cleaved ends of a DNA fragment from 
"circularizing" or forming a closed loop that would impede insertion of another DNA fragment at the restriction 
site. Procedures and reagents for dephosphorylation are conventional (Maniatis, T. et al., Molecular Cloning , 
133-134 Cold Spring Harbor, [1982]). Reactions using BAP are carried out in 50mM Tris at 68° C to suppress 

15 the activity of any exonucieases which may be present in the enzyme preparations. Reactions were run for 1 
hour. Followint the reaction the DNA fragment is gel purified. 

"Ligation" refers to the process of forming phosphodiester bonds between two double stranded nucleic 
acid fragments (Maniatis, T. et al., |d. at 146). Unless otherwise provided, ligation may be accomplished using 
known buffers and conditions with 10 units of T4 DNA ligase ("ligase") per 0.5 \ig of approximately equimolar 

2Q amounts of the DNA fragments to be ligated. 

•Filling" or "blunting" refers to the procedures by which the single stranded end in the cohesive terminus of 
a restriction enzyme-cleaved nucleic acid is converted to a double strand. This eliminates the cohesive 
terminus and forms a blunt end. This process is a versatile tool for converting a restruction cut end that may be 
cohesive with the ends created by only one or a few other restriction enzymes into a terminus compatible with 

25 any blunt-cutting restriction endonuciease or other filled cohesive terminus. Typically, blunting is 
accomplished by incubating 2-15ug of the target DNA in 10 mM MgCl2, 1mM dithiothreitol, 50mM NaCI, 10mM 
Tris (pH 7.5) buffer at about 37° C in the presence of 8 units of the Klenow fragment of DNA polymerase I and 
250 u.M of each of the four deoxynucleoside triphosphates. The incubation generally is terminated after 30 min. 
phenol and chloroform extraction and ethanol precipitation. 

30 Human tissue factor protein and its recombinant expression product is obtained according to the following 
protocol: 

1. Oligonucleotide probes representing a single codon choice for each amino acid corresponding to 
the amino terminal portion of tissue factor protein, and the CNBr peptide fragment were chemically 
synthesized. 

35 2. Two deoxyoligonucleotides complementary to codons for amino acid sequences of tissue factor 

protein, described below, were synthesized and radiolabeled with y 32 P-ATP. 



40 



a) 5' CTG ACC TGG AAG TCC ACC AAC TTC AAG ACC ATC CTG- 
GAG TGG GAG CCC AAG CCT GTG AAC -3' ; and 

b) 5' ATG GGC CAG GAG AAG GGC GAG TTC CGG GAG ATC TTC- 
45 TAC ATC ATT GGC GCT GTG GTC TTT GTG GTG ATC ATC- 

CTG GTG ATC -3' . 



3. Oligo (dT) primed cDNA libraries were constructed in Xgt10. 

4. A human placental cDNA library was screened using the chemically synthesized oligonucleotide 
probes. No positive plaques were obtained using the 60 mer probe (a). Twentytwo (22) positive plaques 
were obtained using the 81 mer probe (b), half of which were very weakiy positive. The eleven (11) best 
were chosen to rescreen for plaque purification. Five positive plaques were obtained on the second 
screen. DNA was prepared from each of these. 

5. Clones having a total cDNA of approximately 2800 bp of insert DNA were isolated. Sequencing and 
characterization of the placental clones were undertaken. Since the mRNA size on a Northern blot was 
approximately 2.35 Kb these clones may have contained unexcised tntrons. Hence a human adipose 
library was screened. 

6. An oligo (dT) primed human adipose library was screened using a 1400 bp EcoRI fragment from one 
of the placental clones. 

7. Clones having a total cDNA of approximately 2350 bp (including 150 to 200 bp for the polyA tail) and 
1800 bp of insert DNA were isolated. Those clones containing 2350 bp and presumed to contain all the 
tissue factor mRNA were sequenced. 

8. The full length cDNA encoding human tissue factor protein is constructed in a plasmid. It should be 
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appreciated that knowledge of the complete DNA sequence in Fig. 2 enables one to prepare extremely 
long probes having perfect homology with human tissue factor protein cDNA, thereby considerably 
simplifying and increasing the efficiency of probing cDNA or genomic libraries from other species, and 
making it possible to dispense with tissue factor protein purification, sequencing, and the preparation of 
probe pools. 5 

9. The cDNA encoding human tissue factor protein is then constructed into an expression vehicle 
which is used to transform an appropriate host cell, which is then grown in a culture to produce the 
desired tissue factor protein. 

10. Biologically active tissue factor protein is produced according to the foregoing procedure has 263 
amino acids. 10 
The following examples merely illustrate the best mode now contemplated for practicing the invention, but 
should not be construed to limit the invention. All literature citations herein are expressly incorporated by 
reference. 

EXAMPLE 1 is 
cDNA Cloning 

DNA encoding tissue factor protein may be obtained by chemical synthesis when the complete DNA 
sequence is known, by screening reverse transcripts of mRNA from various tissues, or by screening genomic 
libraries from any cell. Since neither the complete amino acid nor DNA sequence of tissue factor protein were 20 
known at the time of this invention, the chemical synthesis of the complete DNA sequence encoding tissue 
factor protein was not possible. 

A human placental cDNA library was prepared as previously described (Ullrich, A. et al., Nature 309 :41 8-425 
[1984]). Double-stranded cDNA was prepared from human adipose RNA using reverse transcriptase in known 
fashion and, after E. coli RNase H treatment DNA polymerase I was used to synthesize the second strand and 25 
then ligated to synthetic oligonucleotides containing restriction sites for Sail, Xho l and an EcoRI overhanging 
end, as described previously (Gubler, U. and Hoffman, B.J., Gene 25: 263 [1983]). This DNA was inserted Into 
the Eco RI site of XgttO (Huynh, T. et aJ., DNA Cloning Techniques [ed. Graver, D. ][1984]). 

Two oligonucleotide probes representing one possible codon choice for each amino acid of the N-termlnal 
amino acid sequence (60 nucleotides) and the Internal amino acid sequence near the C-terminal (81 30 
nucleotides) were designed and synthesized based on the following amino acid sequences presented at an 
American Heart Association meeting as cited above: 



Amino terminal 

5' CTG ACC TGG AAG TCC ACC AAC TTC AAG ACC ATC CTG GAG- 
Leu Thr Trp Lys Ser Thr Asn Phe Lys Thr lie Leu Glu- 



35 
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40 

Pro Lys Pro Val Asn 

flear C-terminal 

5' ATG GGC CAG GAG AAG GGC GAG TTC CGG GAG ATC TTC TAC- 45 



50 

cDNA clones of human tissue factor protein were obtained using the DNA probes first a screen a human 
placental cDNA library. A 1400 bp Eco RI fragment from a placental clone was used to screen a human adipose 
cDNA library. 

Abuot 1 million phage from the oligo(aT) primed human placenta cDNA library in Xgt10 were grown on 55 
twenty-five (25) 15-cm petri plates from which triplicate nitrocellulose filters were lifted. The filters were 
hybridized with each of the 32p-end labelled oligonucleotide probes in 0.75M NaCI, 75mM trisodium citrate, 50 
mM sodium phosphate (pH 6.8), 5X Denhardt's solution, 20 percent formamide, 10 percent dextran sulfate and 
0.2 g/l boiled, sonicated salmon sperm DNA at 42° C ovemicht and washed for 2 hrs in 0.30M NaCI, 30mM 
trisodium citrate, 0.1 percent NaDodS0 4 at 42°C. Twenty-two (22) hybridizing duplicate positives were 60 
observed with filters hybridized with the tissue factor protein near C-terminal prove. The eleven (11) best were 
chosen for plaque purification. Tissue factor protein amino terminal probe failed to hybridize. Five clones were 
positive upon plaque purification. DNA was prepared from each of thes eand then analyzed by digestion wtth 
Eco RI. One clone was shorter and appeared to be a partial clone. Four clones which were Identical based on 
an Eco RI digest were the best candidates for full-length cDNA clones. Eco RI fragments from three of the 65 
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clones the partial clone and two of the putative full length clones, were subdoned Into M13 phage vectors for 
DNA sequencing by dideoxy chain termination (Messing, J. etaL, Nucleic Acids Res. 9:309-321 [1981]). 

A 1400 bp EcoRI fragment from placental cDNA clone was hybridized to a Northern blot to which was bound 
mRNA. The size of the tissure factor protein mRNA was determined to be about 2.35 kb in the placental 

5 samples which tested positively. The placental cDNA clones were approximately 2800 bp in length including 
the nucleotides corresponding to the poIyA tail on the mRNA. These clones were approximately 450 bp longer 
than the observed length of the mRNA on the Northern blot. Stop codons and methionine codons in all three 
reading frames were observed immediately upstream of the DNA encoding the amino terminus of the protein, 
suggesting the absence of a signal sequence. The lack of a signal sequence Immediately 5' of the sequence 

10 representing the NH2 terminus of the mature protein in the placental clones was confirmed by comparison to 
the adipose clones described below. It was also determined by comparison of the placental and adipose 
sequences that the placental clones contained an intervening sequence or intron not present in the adipose 
clone. The presence of the intron in the placental clone suggests a poor splicing mechanism in the placenta 
making the isolation and cloning of the pre-tissue factor protein DNA a most difficult task. 

15 Because of the discrepancy in length between the isolated placental clones and the mRNA as determined in 
Northern blotting tissue factor protein cDNA was also isolated from an adipose library. An adipose cDNA 
library constructed in Xgt10 was chosen because adipose tissue has amounts of tissue factor mRNA 
comparable to placental tissue. The library was screened using a 1400 bp Eco RI fragment from a placental 
clone radiolabelled with y 32 -P-ATP under conditions more stringent than those used to screen the placental 

20 library. (The above conditions were modified to use 50°/o f ormamide in the hybridization ; and the wash in 0.03M 
NaCI, 3mM trisodium citrate, 0.1 percent NaDodSCU, at 60° C.) Fourteen double positives of varying intensities 
were obtained. Twelve were chosen for plaque purification. Upon rescreening for plaque purification, 8 strong 
double positives were obtained. DNA was prepared from each of these positives. Four of these, which were 
identical upon digestion with Eco RI, were the best candidaes for full length cDNA clones. One of these was 

25 chosen for analysis by DNA sequencing and labeled XTF14. The size of these clones was approximately 2350 
bp, including the length of the polyA tail. This was the same size as observed on Northern blot as described 
above. A fifth clone was shorter than the 2350 bp clones described above. 

Two of the adipose cDNA clones were shorter than the full length mRNA (approximately 1800 bp) and had 
EcoRI digestion patterns which were distinctly different from the putative full length clones. Analysis of these 

30 clones indicates that they are partial clones in that they include DNA corresponding to a portion of the tissue 
factor protein mRNA. The eighth clone was only about 850 bp and was not chosen for further analysis. 

EXAMPLE 2 

35 DNA Sequence of Tissue Factor Protein cDNA 

The nucleotide sequence of tissue factor protein cDNA is shown in Fig. 2. Of the four adipose clones having 
an identical Eco RI digestion pattern, one was fully sequenced and corresponded to the sequence shown in 
Figure 2. Clone ATF14 contains about 2217 bp of insert, which includes apporoximately 90 nucleotides of the 
poly(A) tail (which is not shown in Fig 2). The cDNA sequence contains 99 bp of 5' untranslated sequence. The 

40 Eco RI digestion pattern of the putative full length clone comprised three fragments of about 900, 750 and 650 
bp. A fifth clone appeared to differ in the Eco RI digestion pattern in the fragment at the 5' end. Two of the 
adipose clones had an Eco RI digestion pattern indicating they were shorter than the full length clones but yet 
contained an EcoR I fragment longer than any fragment in the full length clones. This may be due to an Eco RI 
polymorphism or to the presence of an intron. The longest clone was sequenced to completion. Completeness 

45 of the coding sequence was assessed from the presence of a long open reading frame beginning with a start 
codon, ATG. Following the ATG initiator codon are codons for a hydrophobic leader or signal sequence. 

The 5' end of the cDNA contains an ATG start codon, for the amino acid methionine, followed by a 
continuous open reading frame that codes for a 295 amino acid polypeptide. The first 32 amino acid residues 
are mostly hydrophobic amino acids and probably represent an amino-terminal signal peptide. The 

50 amino-terminal sequence that follows corresponds to that sequence of tissue factor protein as purified from 
tissue. The cDNA sequence predicts that the mature tissue factor protein contains 263 amino acids with a 
calculated molecular weight of about 29,500. Tissue factor protein is known to be a membrane glycoprotein 
with a relative molecular mass of 42,000 to 53, 000 on SDS polyacrylamide gels. The translated DNA sequence 
predicts four (4) asparagine linked glycosylation sites. A hydropathy profile of the protein (Fig. 5) reveals that 

55 the first three of these sites are located in hydrophilic regions, increasing the likelihood that they are on the 
surface of the protein and indeed glycosylated. Likewise, a cluster of 7 out of 13 residues (amino acids 
160-172) that are either serine or threonine, indicating possible sites of 0-iinked glycosylation, also lies in a 
predicted region of hydrophilicity. The hydropathy profile also reveals a striking cluster of hydrophobic 
residues near the carboxy terminus (Fig. 5). This region, encompassing amino acid 220-243, probably 

60 comprises the membrane anchoring domain of tissue factor. A search of the sequence data bases revealed no 
significant homology of tissue factor to available protein sequences. Notably, there was no marked homology 
to factor VIII, a protein cofactor of the coagulation protease factor IX. This is unexpected because both the 
factor Vlll-factor IX, and the tissue factor-factor VII complexes catalyze the activation of factor X, and the 
proteases of each complex (factor IX and VII) are highly homologous (F.S. Hagen et aL. Proc. Natl. Acad. Sci. 

65 USA 83:2412 [1986] and S. Yoshitake et ah, Biochemistry 24:3736 [1985]). It can now be seen that these 
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interactions are not reflected in a similarity of primary protein sequence of the two cofactors. 

The cDNA sequence implies that mature tissue factor is released by signal peptidase cleavage of a 
Drepeptlde without additonal propeptide processing. The 32 amino acids from the initial methionine to the 
mature amino terminus commence with a charged region followed by a hydrophobic 'core- sequence of 14 
residues The prepeptide ends in ala-gly-ala; aia-X-ala is the most frequent sequence preceding signal 
peptidase cleavage (O. Periman et aL, Mol. Biol. 167:391 (1983]). 

The methionine codon at nucleotide 100-102 (Figure 2) is presumed to initiate translation of pre-tissue 
factor protein The five nucleotides preceding and the one following this ATG are common choices for 
nucleotides surrounding translation initiation sites in eukaryotic mRNA, aJthouth they are not m complete 
identity with the concensus described by Kozak, M. f Nucl. Acids Res. 12:857 [1984]. The characterized cDNA 
clones appear to contain virtually the entire 5' untranslated region of the message. 

The cDNA contains a 1139 nucleotide 3' untranslated region in which the common polyadenytation signal 
AATAAA precedes the poly(A) tail by 23 nucleotides. A noteworthy feature of the untranslated region is the 
presence of a 300 bp Alu family repeat sequence. There are about 300,000 copies of the Alu repeat in the 
human genome and numerous examples of their presence in the introns of genes, where they are removed by 
splicing during the maturation of mRNA (C.W. Schmid et al., Science 216:1065 [1982] and PA. Sharp, Nature 
301 471 [1983]). Although cytoplasmis poty(A) + mRNA also contains Alu sequences, there have only been two 
Previous specific reports of Alu-like sequences in the 3' untranslated sequence of mRNAs: in the class 1 
histocompatibility antigens of mouse and rat, and in the human low density lipoprotein receptor (L Hood et al.. 
Ann. Rev. Immunol, 1:529 [1983]; B. Majello et al., Nature 314:457 [1985] and T. Yamamoto et ah, Cell 39:27 20 
[1984]) Alu sequences are often flanked by short direct repeats, as a likely conseqence of their insertion into 
the genome at staggered double-strand nicks. The ALu sequence In the 3' region of tissue factor cDNA is 
flanked by a direct repeat of 11 nucleotides, as indicated by arrows in Fig. 2. 



EXAMPLE 3 
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25 



30 



Expres sion of Human Tissue Factor Protein Eukaryote Host 

The full length human tissue factor protein cDNA was contained within the cDNA clone ^TF14. The full length 
cDNA was inserted into an expression plasmid comprising the cytomegalovirus enhancer and promoter, the 
cytomegalovirus splice donor site and intron, the Ig variable region intron and splice acceptor site, the SV40 
polyadenylation and transcription termination site. Construction of the expression vector, shown in Figure 4, 
was undertaken as follows. 

The basic vector referred to as pCIS2.8c26D used here is based on pFSCIS described in European 
Application No. 87308060.0 (U.S. Application No. 07/071.674, filed 9 July 1987 and 06/907,185, filed 12 
Sepember 1986. Docket No. 373P1. 35 

As shown in Figure 4a, a single nucleotide preceding the Clal site in pF8CIS was changed from guanosine to 
thymidine so that a dam strain of E. coli would not be required for cutting of the Clal site. 

A three part ligation comprising the following fragments was carried out: a) the 12617bp Cial-Sstll fragment 
of pF8C!S (isolated from a dam strain and BAP treated); the 216bp Sstll-Pstl fragment of pF8CIS; and, c) a 
short Pstl-Clal synthetic oligonucleotide that was kinased (see Figure 4a, an asterisk indicates the changed 
nucleotide)7This three part ligation generates the expression vector P CIS2.8c24D which Is Identical to the 
pCIS2.8c26D and pCIS2,8c28D in the portions used to express tissue factor. 

This vector was modified to remove the factor VIII coding sequence by a Clal-Hpal digest. The region was 
replaced by a polylinker to allow for additional cloning sites. The sequence of the polyiinker used Is given 
below. 



40 



45 



5' CGATTCTAGACTCGAGGTCCGCGGCCGCGTT 3' 
3 ' TAAGATCTGAGCTCCAGGCGCCGGCGCAA 5' 

50 

The Clal and Hpal sites of the original vector are regenerated and sites for enzymes Xbal, Xhol, Notl were 
added.This vector is called pCIS2.CXXNH. The coding region for tissue factor was subcloned from XXF14 by 
using the Sail site present at the 5' junction of the X vector and the cDNA and a Ncol site located 3' of the 
coding region In the noncoding portion of the cDNA. A blunt 3' end was first created by digesting with Ncol ^ 
followed by a fill-in reaction containing the Klenow fragment DNA polymerase and 4 dNTP's. When the XTF14 
DNA was subsequently cut with Sail an approximately 1232 bp fragment with the sequence TCGA overhanging 
at the 5' end and a blunt 3' end containing the tissue factor coding region was created. This was ligated Into the 
pCIS2.CXXNH vector which had been cut with Xhol (yielding a TCGA overhang) and Hpal (blunt). The new 
vector was labelled pCIS.TF or alternatively referred to as pCISTFI. ^ 

Human embryonic kidney cells (293 cells) and monkey kidney cells (Cos ceHs) were transfected with the 
expression vector pCIS.TF containing the tissue factor protein cDNA. 48 hours after transfection the cells 
were harvested and tested for tissue factor protein activity by the chromogenlc assay described below. Cells 
were removed from the 100 mm plates by suspension in 1 ml of 0.01 M sodium phosphate buffer, pH 7.0, 
containing 0.15 M NaCI. The absorbance at 550 nM was adjusted to 0.750 in order to adjust for differential cell ^ 
density onthe plates. The cells were sonicated for 1 mln and Triton X-100 was added to aflnalxoncentration of 
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10 



0.1 percent The samp.es. were rotated at room ^^^^^^^^^^ 

results are «hwm « Rg- 9.^ Jt^JJJ^^,, cos . 7 cells (containing the parent expression vector without 
pS&'S&I?, *S demons tW th. cDNA .ncodes *«. factor. 



40 



EXAMPLE 4 



» ? T.^^;SdXe^tp^"."SL . » protein !n 6. cog us», a «. .Moo 

20 5' TCAGGCACTACAAATACTGTGGCAGCATATAATT 

ACGTAGTCCGTGATGTTTATG ACACCGTCGTATATTAAATTG - 5 * 

The above fragment codes for the first 12 amino acids of mature tissue factor protein. The second wa s a 624 

Ssue fetoprotein Sasmid pATSTlTHGH-1 (U.S. Patent 4,680,262) was digested wrth 930 bp Nsjl BamHI to 

^Se fou* Sments were ligated together to form plasmid pTF2A12. as shown in Figure 6, and used to 
traSoSi E Kll strain 294 cells 9 Transformers were selected by ampicill.n resistance and plasm.d 

suspe^ 

* letement solubilized extracts were relipidated by diluting 10 pi of the sample into .8 ml o .05 M Tne-HQ ph 1 7.5 
coSnino C n M NaCI, O.KVb bovine serum albumin (TBS buffer). Fifty pi of a 5 mg/ml solution of Phosph^ 
chc fne toOXm deoxVcholic acid and 25 pi of CdCI 2 were added and the solut,cn .ncubated for 30 minutes at 



^Tissue factor activity was detected by chromogenic assay as described below. 



EXAMPLE 5 



mutatio P n^nverts cysteine a? position 245 of mature tissue factor protein to serine. The con* <"*d«™» 
for expression, the alkaline phosphatase promoter and STB leader sequence are .denbeal to that used in 

C °pfasm^ steps, the first two of which reconstruct the carboxy. end of the gene. The 

pTnoU (Si^atent No. 4,663.283) in which a non essentia. EcoR.-Xbal " ^jJ^K^ 

second was a 32 base pair EcoRI-Fokl fragment encoding ammo acids 217 to 228 to mature tissue s factor 
protein 55 third fnTgmem eHc^diniimino acids 229-245 was a chemica.ly synthes,zed DMA duplex wherein 
the codon at position 245 was changed to TCT (underlined) from TGT: 

55 

5--TA TTT GTG GTC ATC ATC CTT GTC ATC ATC CTG 
A CAC CAG TAG TAG GAA CAG TAG TAG GAC 

«> GCT ATA TCT CTA CAC AAG 2 — 

CGA TAT AGA GAT GTG TTC AGA TC-5' 



65 



The three fragments were ligated together forming plasmid pTF100-1 anc 'transformed ^ntoE. eg £2 ^ain 
294. Transformants were selected by ampicillin resistance and plasmid P TF100-1 was selected by restnetton 
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analysis and dideoxy sequencing. 

Plasmid pT8(K3 was constructed from two DNA fragments (Figure 7b). The first was plasmid vector 
pHGH207 (U.S. Patent No. 4,663,283) in which the 930 base pair Xbal -Bam HI fragment has been removed. The 
second was the chemically synthesized 68 mer DNA duplex: 

5 

5'-CTA GAA AGG CAG GAG TTG GCC AGA GOT CCA AGG AGA ACT 
TT TCC GTC CTC AAC CGG TCT CGA CCT TCC TCT TGA 

CCC CAC TGA ATG TTT CAT AAG CTT C 10 
GGG GTG ACT TAC AAA GTA TTC GAA CCT AG-5 # 



The two fragments were ligated together forming plasmid pTF80-3 and transfected into E. coll K12 strain 294. 
Transformants were selected by ampicillin resistance and plasmid pTF80-3 was selected by restriction analysis 
and dideoxy sequencing. 

Plasmid pTFIII was constructed from four DNA fragments (Figure 7c). The first was the vector pAPSTIIHGH 
(U.S. Patent No. 4,680,262) in which the 930 base pair Nsil-BamHI fragment had been removed. The second 
was a 650 base pair Nsll-EcoRl restriction fragment from pTF2A12 (see Example 4 above) encoding amino 
acids 1 to 217 of mature tissue factor protein. The third was an 80 base pair EcoRI- Xbal fragment from 
pTF100-1 encoding amino acids 218 to 245 of the mutant mature tissue factor protein. The fourth was a 60 
base pair Xbal -Bam HI fragment from pTF80-3 encoding the last 18 amino acids. The four fragments were 
ligated together and transformed into E. coii K12 strain 294. Transformants were selected by ampicillin 
resistance and plasmid pTFIII selected by restriction analysis. 

EXAMPLE 6 t 

Expression of a Human Tissue Factor Fusion Protein 

A fusion with the herpes-gD signal sequence (EP Publication No. 0139416, published May 2, 1985) and the 
mature portion of human tissue factor cDNA was constructed using the control elements of vector pRK7. 
pRK7 and pRK5 (see below) were constructed as follows. 
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Construction of pRK5 and pRK7 

The starting plasmid was pCIS2.8c28D as described above. The base numbers In paragraphs 1 through 6 
refer to pCIS2.8c28D with base one of the first T of the EcoRI site preceding the CMV promoter. The 
cytomegalovirus early promoter and intron and the SV40 origin and poryA signal were placed on separate 
plasmids. 

1 . The cytomegalovirus early promoter was cloned as an EcoRI fragment from pCIS2.8c28D (9999-12-1) 
into the Eco RI site of pUC1 18 (Yanish-Perron et al. Gene 33:103 [1985]). Twelve colonies were picked and 
screened for the orientation in which single stranded DNA made from pUC1 18 would allow for sequencing 
from the EcoRI site at 1201 to the EcoRI site at 9999. This clone was named pCMVE/P. 

2. Single stranded DNA was made from pCMVE/P in order to insert an SP6 (Green M.R. et al., Cell 
32:681 -694[1 983]) promoter by site-directed mutagenesis. A synthetic 1 10 mer which contained the SP6 
promoter (See Nucleic Acids Res. 12:7041 [1984] figure 1); sequences from -69 to +5 of SP6 promoter 
were used along with 18bp fragments on either end of the oligomer corresponding to the CMVE/P 
sequences. Mutagenesis was done by standard techniques and screened using a labeled 110 mer at high 
and low stringency. Six potential clones were picked and sequenced. A positive was identified and 
labelled pCMVE/PSP6. 

3. The SP6 promoter was checked and shown to be active, for example, by adding SP6 RNA 
poiymeriase and checking for RNA of the appropriate size. • _ 

4. A Cla-Notl-Sma adapter was made to be Inserted from the Oil site (912) to the Smal site of pUC1 18 In w 
pCMVE/P (step 1) and pCMVE/PSP6 (step 2). This adapter was ligated Into the Clal-Sma-l site of pUC118 

and screened for the correct clones. The linker was sequenced In both and clones were labelled 
pCMVE/PSP6-Land pCMVE/P-L 

5. pCMVE/PSP6-L was cut with Sma l (at iinker/pUC1 1 8 junction) and Hindlll (In pUC1 1 8) . A Hpal (5573) 

to Hindlll (6136) fragment from pSVORAAARI 11, described below, was Inserted Into Smal-Hlnd lll of 00 
pCMVE/PSP6-L This ligation was screened and a clone was isolated and named pCMVE/PSP6-L-SVO- 
RAAARI. 

a) The SV40 origin and polyA signal was Isolated as Xmn l (5475) - Hindlll (6136) fragment from 
pCIS2.8c28D and cloned into the Hindlll to Sma l sites of pUC1 1 9. This was named pSVORAA. 

b) The Eco RI site at 5716 was removed by partial digest with Eco RI and filling In with Klenow. The w 
colonies obtained from serf-ligation after fill-in were screened and the correct clone was Isolated and 
named pSVORAAARI 11. The deleted Eco RI site was checked by sequencing and shown to be 
correct. 

c) The Hpal (5573) to Hind lll (6136) fragment of psVORAAAH was Isolated and Inserted Into 
pCMVE/PSP6-L (see 4 above) . 
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6 pCMVE/PSP6-L-SVOrAAARI (step 5) cut with EcoRI at 999, blunted and self-ligated. A clone without 

m ^1^SSSSS!^^L was fined in with Klenow and re.igated. The colonies were 
screened A Dositive was identified and named pRKABam/Sma 3. <nMA 

8 The HM P m site was converted to a Hpa. site using a converter. (A converter is a p.ece o f DMA used to 
ctammmbtotlan site to another. iritis case one end would be complimentary to a Hindlll sticky end 
2TS S otiTer enc . have a recognition site for Heal.) A positive was identrfied and named 

P TpRSan^sTa!S-Hpai 1 was out with Pstl and Not! and a RI-HIII linker and Hlll-RI linker were 
JZEZSSm ?ff«Zh ifcer were found. However. rt^Ss also determined that too «rcr«iM 
oonvVrtere had gone in (two or more converters generate a Pyull site). Therefore, these clones had to be 

ToTKneTSHm-RI clone 5 were cut with Hpa.. diluted, and sedated. Positives we™ 
identified. The Rl-ill clone was named P RK5. A Hlll-RI clone was cut with Hpal. diluted and self-llgated. 

After screenina. a positive was identrfied and named pRK7. 

The vector contains the CMV promoter and enhancer and splice donor, the IgG irrtron and splice 
accentor he SP6 promo er. the SV40 poly A signal and SV40 origin of replication; it has no DHFR gene 
of the tisue factor protein expression vector was undertaken as follows: the tissue factor protein 
CDNA Km XTF14 was cloned into the Sail site of pSP64 and labelled pSP64TF (Promega Corporation 1987) 
Spm containing the tissue factor cDN/Twas cut with Ncol. An 18 mer converter wh.ch was not kmased was 
£S to^he Si end to change the Ncol site to an^al site. The sequence of the linkers used were: 
Ncol - Xbal Unker 

IB mer 

Nco l Xfeal - 

5 ' CATGGAGTCGTAACTGAT 3' 

3' CTCAGCATTGACTAGATC 5' 

PSP64 was then digested with Bbvl and a 1030 bp fragment was gel isolated. A Pvull-Bbvl appro* mately 100 
bp DNASlexwhilh was not kinTsed. contained the ^^^.^^^^^S^S£SZ 
and the first 12 amino acids of mature human tissue factor protein. The sequnces of the approximately 100 bp 

was as follows: 

Tissue Factor/Thrombin Fusion 

5' CTG GAG GAC AGT TAT GAA GAT ATT TCA GCA TAC TTG CTG AGT AAA 
GAC CTC CTG TCA ATA CTT CTA TAA AGT CGT ATG AAC GAC TCA TTT 

AAC AAT GCC ATT GAA CCA AGA TCA GGC ACT ACA AAT ACT GTG GCA 
TTG TTA CGG TAA CTT GGT TCT AGT CCG TGA TGT TTA TGA CAC CGT 

GCA TAT AAT T 3' 
CGT ATA TTA AAT TG 

The Pvull-Bbvl frament was ligated to the approximately 1030 bp fragment £1 fragment : of 
bo vSaToeTliolated This Pvull-Xbal fragment was then ligated into a pSP64 vector labelled pSP64ThJF. A 
clonTwaVo^ne I wh?h *=s sequenced over the area comprising the synthetic 100 mer. Th.s p lasm.d was 
dioesteTwith^l and Xbal in an attempt to isolate a large amount of the insert. Howver. the Xbal srte was not 
JigSed. ThenSore, thelniert was gel isolated by cutting with Pyull and Sail. The Sail srte .s In [the remam.g 
pit of the- P SP64 polylinker and located next ot the Xbal site. The second «™fln»rt«nto.ng^tan>e£g 
signal sequence plus some 5' untranslated] region comprised a 275 bp fragment obte.ned font i the mWWFJ 
(EP Publication 0139417, published May 2. 1985). which is digested with Pstl-Sacll and a 103 bp Sacll-Pyull 
synthetic fragment having the following sequence: 
Sacll-Pvull Synthetic Fragment (HSVgD Leader) 
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5'-GC AAA TAT GCC TTG GCG GAT GCC TCT CTC AAG ATG GCC GAC 
-GCG CCG TTT ATA CGG AAC CGC CTA CGG AGA GAG TTC TAG CGG CTG 

CCC AAT CGA TTT CGC GGC AAA GAC CTT CCG GTC CTG GAC CAG- 3* 
CGG TTA GCT AAA GCG CCG TTT CTG GAA GGC CAG GAC CTG GTC- 5' 



The third segment was obtainedd by digesting pRK7 with PstH-SaJII and gel isolating an approximately 4700 bp 
fragment. The final three thrombin activation site 5' to the cDNA encoding tissue factor protein; b) Pstl -Pvu ll 10 
fragment containing the herpes-gD signal sequence; and c) the pRK fragment containing the control 
elements. The 3 pieces descibed above and clones were obtained and determined to be correct by restriction 
enzyme digestion and sequencing. 

Human embryonic kidney cells (293S) were transfered with the expression vector containing the tissue 
factor-herpes-gD fusion protein. Human 293 cells are harvested 15 hours after transient transfection. The 15 
culture media is removed and 2 mis of extraction buffer (5 mM Tris HCI) ; 1 50 mM NaCirpH 7.5 [TBS] containing 
0.10/0 Triton X-100) are added per 100 mm tissue culture plate. The cells are suspended and rotated (end over 
end) for 45-60 min. at 4°C. The extract is centrffuged at 8000 X g for 20 min. and then loaded directly onto the 
monoclonal antibody column (3.5 mg 5B6/ml of CNBr activated Sepharose) at a flow rate of 0.8 ml/min. 
Preparation of an antibody to herpes-gD is described In EP Publication No. 1,139,416, published May 2, 1985. 20 
The antibody column is washed with 10 mis of extraction buffer to return the Absorbance (280 nm) to baseline. 
The column is then washed with 50 mM Tris HCI; 1M NaCI; 0.1o/o Triton X-100, pH 7.5 and eluted with 0.1 M 
glycine; 150 mM NaCI; 0.1o/o Triton X-100, pH 2. The pH is adjusted to neutral with 1 M Tris HCI, pH 8.5. 

The gD portion of the gD-tissue factor fusion protein was cleaved from the fusion protein using 
thrombin. 1110 units of thrombin (0.33 mg protein) was covalently attached to 0.5 ml CNBr-actlvated 25 
Sepharose according to manufacturer's instructions. 5000 units of gDTF fusion protein is. incubated with 
approximately 150 uJ of thrombin Sepharose for 90 min at 37° C (rotated end over end). The 
thrombin-Sepharose is then removed by centrifugation. 

Tissue factor activity was detected by chromogenic assay as described below. 



EXAMPLE 7 



87 mer 



30 



Expression of Cytoplasmic Domain Deleted Tissue Factor Protein 

The vector pRKTFA244 was constructed, as shown in Figure 10, to express tissue factor protein lacking the 
cytoplasmic domain, amino acids 244 through 263. The vector was constructed by a three part ligation. The 35 
first part was an 859 bp fragment obtained by digesting pCISTFI with Eco RI and Ctel. The 859 bp was gel 
isolated. The second portion was gel isolated following Clal-BamHI digestion of pRK5 as described above. The 
third part was a Eco RI- Bam HI chemically synthesized 87 mer having the following sequence: 



40 



217 

Phe Arg Glu He Phe Tyr He He Gly Ala Val Val Phe Val Val 45 
-AA TTC AGA GAA ATA TTC TAC ATC ATT GGA GCT GTG GTA TTT GTG GTC 
3'-G TCT TTC TAT GAA GTA GAT AAT TCC AGC CAC TAC AAA CAC GAC 

243 

He He Leu Val He He Leu Ala He Ser Leu His End 30 

ATC ATC CTT GTC ATC ATC CTG GCT ATA TCT CTA CAC TAA G-3' 

GAT GAT AAG GAC GAT GAT CAG AGC TAT AGA TAG GTG TTA TCC GA-5' 



The three part ligation used: a) the 859 bp fragment encoding amino acids 1-216; b) the 4700 bp fragment 
from pRK5; and, c) the 87 mer encoding amino acids 217-243. This new vector was labeled pRKTFA244 (see 
Figure 10). 

Human embryonic kidney cells (293) were transfected with the expression vector pRKTFA244. After three 
days, cytoplasmic domain deleted tissue factor protein were purified as previously described and assayed in 
the chromogenic assay described below. The cytoplasmic-domain deleted tissue factor showed a strong 
positive reaction in the assay demonstrating that the cytoplasmic domain deleted tissue factor protein was 
effective In this in vitro coagulation assay. 



17 



0 278 776 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



EXAMPLE 8 

?i ^^^^^^ ^ L us\ng immunoaffinity purification using an IgG monoclonal antibody that 

bi H d u S ma^ synthesized in recombinant culture as described above. The following 

immu^ into a BALB/c mouse (29.1.C) according to the schedule ^ descnbed below: 

recombinant human tissue factor protein (rTF) (.07 mg/ml having a specific activity 17040 U/mg ; recombinant 
tissue factor protein obtained from a tissue factor-gD fusion cleaved by thrombin to remove the herpes-gD 
sequences from the amino terminal end (rTF:gDThr) (0.72 mg/ml having a specific activity f f^J^^ 6 
recombinant tissue factor-herpes-gD fusion (rTF-gD) (approximately 150,000 U/mg) on the following 
immunization schedule: 



Day 



Administr ate cm Route 



Xnimur*" 1 *"* 



1 . subcutaneous ( sc ) 

14. half sc and half 

intraperitoneal (ip) 

28. I.P. 

42. I.P. 

62. I.P. 

75. I.P. 

85. Intra-Splenic 



0.25 ml of r-TF 
complete adjuvant 



in Freund's 



0.25 ml r-TF:gD in incomplete 
Freund's adjuvant 

0.25 ml of r-TF:gD in PBS 

0.25 ml of r-TF:gD in PBS 

0.25 ml of r-TF:gD in PBS 

0.25 ml of r-TF:gD in PBS 



0.1 ml of r-TF:g»Thr in PBS 



10-40 Mg/ml 



The anti-TF titer assayed by radio-immunoprecipitation (RIP) and EUSA increased gradually throughout the 
immunizations to day 85. K , . 

The RIP assay used 0.005 mo of sera from immunized and non-immunized mice diluted with 0,495 ml or 
PBSTA (PBS containing O.50/0 bovine serum albumin [BSA] and O.Wo Triton X-100). 50,000 cpm of ™l-rTF 
was added and the mixture was incubated for 2 hr at room temperature. 1 25|- r TF complexed with antibody was 
precipitated by incubating for 1 hr at room temperature with 0.05 ml of SPA beads. The SPA beads consisted 
of staphylococcal protein A bound to sepharose CL-4B beads that had been pre-incubated with rabbit 
anti-mouse IgG and stored in 50 mM Tris pH 8, 10 mM MgCI 2 , O.Wo BSA and 0.02<W) NaN 3 . The beads were 
pelleted, washed three times with PBSTA and counted in a gamma counter. 

The EUSA consisted of 0.1 ml of rTF (0.5 jtg/ml) in carbonate buffer pH 9.6 adsorbed ^o microtft er well s for 2 
hr at 37° C. Further non-specific adsorption to the wells was blocked for 1 hr at 37 C with PBSA (PBS 
containing 5o/o BSA). The wells were washed 3 times with PBST (PBS containing 0.1% Tween 80) and the 
serum samples diluted in PBS was added and incubated overnight at 4°C. The wells were washed 3 times with 
PBST 0 1 ml of goat anti-mouse immunoglobulin conjugated to horseradish peroxidase was added to each 
immunoglobin conjugated to horseradish peroxidase was added to each well and incubated for 1 1 hr at room 
temperature. The wells were washed again and O-phenylene diamine was added as substrate and incubated 
for 25 minutes at room temperature. The reaction was stopped with 2.5 M H2SO4 and the absorbance of each 
well was read at 492 min. „ 

On day 89 the spleen from mouse 29.1 .C was harvested, disrupted and the spleen cells fused with re 
X63-Ag8 653 (ATCC CRL 1580) non-secreting mouse myeloma cells using the PEG fusion procedure of S. 
Fazakas de St. Groth et al., J. Immun. Meth., 35:1-21 (1980). The fused culture was seeded into 4 plates each 
containing 96 microtitirwells and cultured in HAT (hypoxanthine, aminopterin and thymidine) media by 
conventional techniques (Mishell and Shiigi, Selected Methods in Cellular Immunology. W.H. Freeman & Co.. 
San Francisco, pp. 357-363 [1980]). The anti-TF activity of culture supematants was determined by EUSA ^and 
RIP Twenty positives were found to have anti-TF acitivity. Of these, 12 stable fusions which secreted anti-TF 
were expanded and cloned by limiting dilution using published procedures (Oi. VJ.T. & Herzenberg. 1-A-, 
•Immunoglobulin Producing Hybrid Cell Lines- in Selected Methods in Cellula r Immunology, p. 351-372. 
Mishell. B.B. and Shiigi. S.M. [eds.], W.H. Freeman & Co. [1980]). Selection of clones was based on: 
macroscopic observation of single clones, EUSA and RIP. The antibody was isotyped using aZymed isotypUig 
kit according to the accompanying protocol. (Zymed Corp.) Large quantities of specific monoclonal antibodies 
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were produced by injection of cloned hybrtdoma cells In pristane primed mice to produce ascitic tumors. 
Ascites were then collected and purified over a protein-A Sepharose column. 

Approximately 5 ml of ascites fluid was centrtfuged at 3000 rpm in a Sorvali 6000 at 4° C for 10 min. The clear 
layer of pristane and the layer of lipid was removed with a pasteur pipet. The ascites fluid was transferred to a 
50 ml centrifuge tube. The ascites fluid was sterile filtered through a 0.45 M filter. 1 .1 1 gram of KCI was added 5 
to the ascites to yield a final concentration of 3M KCI. 

The ascites was loaded onto a 10 ml column containing SPA Sepharose (Fermentech). The column was 
washed with 3M KCI. The mouse IgG was eluted with 3 to 4 column volumes of 0.1 M acetic acid in 0.15 M NaCI 
pH 2.8. 

The antibody D3 was coupled to CNBr Sepharose according to the manufacturer's instructions at 3 mg igG 10 
per ml of Sepharose. (See Pharmacia Co. instruction manual). Transfected 293S ceiis were grown in a 1:1 
mixture of Ham's F-12 (w/o glycine, hypoxanthine and thymidine) and DMEM (w/o glycine). Additions to the 
basal medium include: 10% dialysed or diafiltered fetal calf serum, 50 nM methotrexate, 2.0 mM L-glutamine 
and 10 mM HEPES buffer. 

A frozen vial of 293S (63/2S CISTF) is thawed In a tissue culture flask containing the described medium. 15 
When the culture reaches confiuency it is trypsinlzed with trypsin-EDTA mixture and a small portion of the ceil 
population was used to inoculate larger flasks. Cultures were monitored daily by phase microscopy to 
determine growth (percent confiuency), morphology and general health. When rollerbottle cultures were 
confluent (usually within 5-7 days), the cells were trypsinized and counted. Cells were enumerated and their 
viabilities determined by the trypan blue exclusion technique. Typical cell numbers from a confluent 850 cm 2 20 
rollerbottle were between 1 to 4 x 10 8 cells. Cells were suspended in 0.01 M sodium phosphate, 0.15 M NaCI. 
Cells were collected by centrifugation at 5000 rpm. Cells were resuspended in 50 mis TBS containing 1% 
Triton X per flask. Cultures were incubated one hour at room temperature and then centrtfuged 8000 x g for 20 
min. Supernatant was loaded onto the D3-Sepharose column described above. The column was washed and 
eluted with .1 M acetic acid, 150 mM NaCI and .050/0 Tween 80. 25 

EXAMPLE 9 

Assay for Tissue Factor Protein ^ 

1. Chromogenic tissue factor assay. 

AH samples extracted from the culture medium were relipidated prior to assay. As discussed above tissue 
factor has an absolute requirement for phospholipid to exhibit activity In in vitro assay systems (Pitllck and 
Nemerson, Supra). Lecithin granules were homogenized In Tris 0.05 M, 0.1 M NaCI pH7.4 (TBS) containing 
0.250/0 sodium deoxycholate to a concentration of 1 mg/ml. This solution (PC/DOC) was used to relipldate 35 
tissue factor as follows. Tissue factor protein was diluted into TBS containing 0.1% bovine serum albumin 
(TBSA). Fifty microliters were placed in a 12x75mm polystyrene test tube and 50 ui PC/DOC solution was 
added. Three hundred and fifty (350) microliters TBSA were then added along with 25 ul 100 mM CdCl 2 . This 
relipidation mixture was allowed to incubate at 37° C for 30 min. 

For the chromogenic assay, relipidated tissue factor protein samples were diluted in TBSA. Ten microliters 40 
were placed in a test tube with 50 uJ of the factor IXa/factor X reagent and 2 uJ of a solution of purified factor VII, 
30 units/ml. The tubes were warmed to 37° C and 100 uJ 25mM CaCl2 were added. Samples were Incubated 
for 5 min. at 37° C prior to the addition of 50 uJ chromogenic substrate specific for factor Xa, S2222, also 
containing the synthetic thrombin inhibitor 12581. The reaction was allowed to proceed for 10 min. and was 
stopped by the addition of 100 pJ 50% glacial acetic acid solution. Absorbance was detected at 405 nM. A 45 
standard curve was constructed using rabbit brain thromboplastin (commercially available from Sigma, St 
Louis, MO. catalogue #T0263) arbitrarily assigning this reagent as having 100 tissue factor units/ml. Dilutions 
were made from 1 :10 to 1 :1000. Absorbance was piotted on the abscissa on semilog graph paper with dilution 
of standard plotted on the ordinate. 

so 

2. One stage assay for tissue factor activity 

100 pJ haemophillc plasma were added to 10 pJ of relipidated or lipid free tissue factor protein or TBSA as 
control in a siliconized glass tube to prevent non-specific activation through the contact phase of coagulation. 
The reactants were warmed to 37°C and 100 pJ 25 mM CaCl2 were added and dot formation timed (Hvatum, Y. 
and Prydz, H., Thromb. Diath. Haemorrh. 21, 217-222 [1969]). S5 

EXAMPLE 10 

Efficacy and Lack of Toxicity of Tissue Factor Protein In a Canine Hemophilia Model 

Tissue factor protein was infused into hemophilic dogs using the procedure of Giles, A.R. et aJ., Blood 60, 60 
727-730 (1982). 

Lack of tissue factor protein toxicity was first determined in a normal dog on boius Injection of about 50 
tissue factor protein U/kg and 100 tissue factor protein U/kg doses. A cuticle bleeding time (CBT) was 
performed (Giles supra ) prior to infusion and 30 min after each injection. Blood was withdrawn and 
anticoaguiated for coagulation assays at various time points during the experiment In order to demonstrate In 65 
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fe^«r viii hvnassina activity of tissue factor protein, experiments were conducted using hemophilic dogs. 
^^^l^^^S^ed and a CBT performed prior to any infusion. Tissue factor protein was then 

b '°A? anesthetized normal dog was administered doses of tissue factor protein representing 1 00 U/kg of 
tissue teSr preSn on relation in the ohromogenio assay. The CBT In this ^^SSSSSSS 
priorto any infusion. There was some reduction InVvBCT at 5 minutes wh^ 

Factor V levels were normal 30 min after each infusion. The prothrombin and parte! thromboplastin times were 
unchanged at the end of the experiment and the CBTs were within the normal range -™»*» £2£i2 
tissue factor protein was well tolerated in normal dogs and no evidence of disseminated intravascular 

"TfiS^d^ a prolonged CBT characteristic of hemophilia A was administered 100 
factor S The CBT was normalized at 5 minutes and 20 minutes after this infusion A second expenment 
S im uta of Mssue factor protein gave normal CGR at 20 minutes and some shortening of CBT at 90 
S^^S^i^^^ maintained 90 min after the infusion as the CBT effect was again 
prolonged at this time point. 

^^^^^^s,nx invention can be formulated according to known methods . to prepare 
DhamaceXuiy useful compositions, whereby the tissue factor protein product hereof is pomb.ned in 
Sure^pharmaceuticaliy acceptable carrier vehicle. Suitable vehicles and *e^ 
of other human proteins, e.g. human serum albumin, are descnbed for example in Remington s 
Phan^eutic^Sciences by E.W. Martin, which is hereby incorporated by reference. Such compositions i w.H 
cSn an Sffe amou nt of the protein hereof together with a suitable amount of vehicle in order to prepare 
SacruSylccVp^abie compositions suitable for effective administration to the host Such composrtions 
shoTd beVtab e for appropriate periods of time, must be acceptable for administration to humans, and mus 
be readilv manufactuTable An example of such a composition would be a solution designed for parenteral 
^SmSX^^LmBM solution formulations are provided in liquid form appropriate for 
fmmLdfete use such parenteral formulations may also be provided in frozen or .n lyophihzed form. In the 
foxier Sse me Composition must be thawed prior to use. The latter form is often used to enhance the 
Smty^fthe ^medS agent contained in the composition under a wide variety of storage conditions^ 
S^n feed preparations are reconstituted priorto use by the addition of suitable , P^^^^f^ 
^luentfsl such as sterile water or sterile physiological saline solution. The tissue factor protein of this 
SSon i ^ admNstered to provide a coagulation inducing therapeutic composition for various chronic 
Seeding ^dTsoSe s characterfeed by a tendency toward hemorrhage, both inherited and acquired ^T?^ 
oSuTh^S disorders are deficiencies effectors VIII. IX or XI Examples of acquired d sorders 

mctude: acquired inhibitors to blood coagulation factors e.g. factor VIII. von Wlllebrend factor • ^tore K V XI 
XII and XIII- haemostatic disorder as a consequence of liver disease wh.ch includes decreased synthesis of 
coaTulaS falters and DIC; bleeding tendency associated with acute and chrome renal d,sease . which 
fndudes coagulation factor deficiencies and D.C; haemostasia after trauma or surgery atfanfa wKh 
disseminated malignancy which manifests in DIC with increases in factors J»nW lebrand factor and 
45 fibrinogen; and haemostasis during cardiopulmonary surgery and massive blood transfus.on. 



so 



Claims 

1. Tissue factor protein essentially free of substances with which it is associated In Its In vivo 
physiological milieu. . .. , « 

2. Tissue factor protein unaccompanied by associated native glycosylate. 

3 The tissue factor protein of claim 1 that is mature human tissue factor protein. 
55 4. The tissue factor protein of claim 3 wherein the transmembrane domain is deleted. 

5. The tissue factor protein of claim 3 having the mature tissue factor protein ammo acid sequence of 

R ainitissue factor protein of claim 5 wherein a serine is substituted for a cysteine at position 245 

7. The tissue factor protein of claim 5 wherein an arginine or lysine residue has been deleted or 
60 substituted by another residue other than lysine or arginine. J ,«.„H.kt 1 .ri 

8. Thetissuefactorproteinofclaim5where 

9. The tissue factor protein of claim 5 wherein the amino acid residues about 244 to 263 are deleted. 

10. Tissue factorfusion protein free of pre-tissue factor protein. 

11. The tissue factor fusion protein comprising mature tissue factor protein and herpes-gD signal 
65 sequence. 
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1 2. A DNA isolate comprising a DNA sequence encoding tissue factor protein. 

13. The isolate of claim 12 wherein the DNA is free of introns. 

14. The DNA isolate of claim 12 wherein said DNA sequence codes for a polypeptide having the amino 
acid sequence shown in Figure 2. 

15. A recombinant expression vector comprising DNA encoding tissue factor protein of claim 3. 5 

16. A cell transformed with the recombinant expression vector of claim 15. 

17. The cell of claim 16 which is a mammalian ceil. 

18. The mammalian celi of claim 17 that is human embryonic kidney cell. 

1 9. The cell of claim 1 6 which is a procaryotic ceil. 

20. A process for producing tissue factor protein which comprises constructing an expression vector 10 
which comprises DNA encoding tissue factor protein of claim 3, transforming a host ceH with the vector 

and culturing the transformed cell. 

21 . The process according to claim 20 wherein the host cell is a eukaryotic cell. 

22. The process according to claim 20 wherein the host cell is a prokaryotic ceil. 

23. The process of claim 21 wherein the eukaryotic cell is a mammalian cell. 15 

24. The process of claim 23 wherein the mammalian cell is a human embryonic kidney cell. 

25. A pharmaceutical composition useful for the treatment of coagulation disorders comprising a 
therapeutically effective amount of tissue factor protein of claim 3 and a pharmaceutically acceptable 
carrier. 

26. A pharmaceutical composition useful for the treatment of coagulation disorders comprising a 20 
therapeutically effective amount of tissue factor protein variant of claim 9 and a pharmaceutically 
acceptable carrier. 

27. A pharmaceutical composition useful for the treatment of coagulation disorders comprising a 
therapeutically effective amount of tissue factor protein variant of claim 5 and a pharmaceutically 
acceptable carrier. 25 
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SURFACE-MEDIATED ACTIVATION OF BLOOD COAGULATION 

(INTRINSIC SYSTEM) 
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4. Plasm in j 

I 




Factor XII Factor XHq" 





FactorXI Factor Xl a 
Ca 7 ^ 



I 

Prekallikrein Kallikrein 




Factor IX Factor IX a 1 



Tissue Factor 
+ 

Factor VI I /VII a 
(Extrinsic Pathway) 



Ca + *PL 



* * f 




Factor VIII' 



Factor VIII 



0278776 




[Factor IX a -Factor Vlll'-Ca -PL] 
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